Introduction
Included in this supporting information file is a summary of LASS methods (S1), as well as petrologic descriptions (S2) and mineral assemblages for each sample (S3). Also included are the U/Th-Pb isotopic and trace element geochemical results obtained using LASS (S4). Thermometry results (S5) are shown in three data tables: Ti-in-quartz data collected on the ICPMS, Ti-in-quartz data collected on the electron microprobe, and Zr-in-rutile data collected on the electron microprobe. Also presented here are the sample descriptions and bulk-rock heat-producing elemental abundances (S6) published in GAF-BGR (2008) .
Text S1: LASS petrochronology methods
For each thin section, 5-10 monazite and zircon grains were ablated with 7 μm and 10 μm spots, respectively, for a total of 50-70 spots per sample. Methods are described in KylanderClark et al. (2013) . Monazite data were normalized to standard 44069 (Aleinikoff et al., 2006) , corrected for downhole fractionation, and processed using Iolite software (Paton et al., 2010) . 2-sigma uncertainties are reported for all dates. Prior to analysis, individual monazite grain xray maps of Y, La, Nd, Th, and U were made on a Cameca SX-100 electron microprobe using a 1 μm step size; LASS spot locations were chosen using these maps. For zircon grains, cathodoluminescence images were uses to select spot locations. Some discordant analyses and those with inheritance ages have been excluded from concordia plots and data tables.
The long term reproducibility for the ICP-MS facility is estimated to be within 2%, so 2% uncertainty has been added to reported 238 U- 206 Pb dates.
Text S2: Sample descriptions
Sample MD46 is a biotite-garnet-orthopyroxene-quartz-feldspar gneiss ("Manangotry gneiss") collected 26 km east of Ambosary Sud in the southern Anosyen domain. The matrix of the rock consists of xenoblastic garnet, orthopyroxene, quartz, and K-feldspar (perthitic) with lesser amounts of plagioclase, biotite, and oxides. Biotite occurs both in the matrix and as inclusions in garnet. Cordierite occurs as local coronae around garnet. Garnet locally forms coronae around oxides and orthopyroxene.
MD54 is a sillimanite-garnet-feldspar-quartz gneiss ("leptynite") collected 2 km northwest of Tôlanaro in the southern Anosyen domain. The matrix of the rock consists of xenoblastic quartz and K-feldspar (perthite) with lesser amounts of prismatic sillimanite, aluminum spinel, and garnet concentrated along discrete 1-2 mm bands that define the foliation. Spinel is commonly in contact with quartz, although it is locally separated from quartz by mantles of sillimanite. Garnet contains oriented sillimanite inclusions. Cordierite mantles spinel, ilmenite, and garnet.
MD62 is a biotite-cordierite-quartz gneiss collected 15 km south of Tranomaro in the southern Anosyen domain. The matrix of the rock consists of xenoblastic quartz and cordierite with lesser amounts of biotite, oxides, and aluminum spinel.
MD81 is a biotite(-cordierite)-garnet-quartz-feldspar-gneiss collected 13 km north of Imanombo in the southwest Anosyen domain. The matrix of the rock consists of xenoblastic quartz, K-feldspar (perthite), and garnet with lesser amounts of prismatic sillimanite and biotite (almost entirely pseudomorphed by chlorite). Sapphirine, aluminum spinel (with magnetite exsolution), an opaque oxide, and sillimanite are ubiquitously separated from the matrix by cordierite. These textures were interpreted by Jöns and Schenk (2011) to be the result of the reaction sapphirine + quartz → sillimanite + cordierite + spinel. Garnet is also mantled by cordierite.
MD84 is garnet-quartz-feldspar gneiss from two km southwest of Imanombo in the southwest Anosyen domain. The matrix of the rock consists of xenoblastic quartz and K-feldspar (perthite) with lesser amounts of prismatic sillimanite and lobate garnet. Sillimanite also occurs as mantles on aluminum spinel (with magnetite exsolution) and an opaque oxide. Cordierite occurs as mantles on garnet and oxides.
MD90 is a biotite-sillimanite-quartz-feldspar-garnet gneiss collected 9 km north of Beraketa, within the Beraketa Shear Zone. Garnet porphyroblasts sit in a matrix of xenoblastic quartz and K-feldspar (perthite) with lesser amounts of biotite and prismatic sillimanite, which defines the foliation of the rock. Sillimanite and biotite are also found as oriented inclusions in garnet. Cordierite occurs around garnet and, to a lesser extent, sillimanite. Rutile (up to 1 mm) is abundant.
00G2 is a 2.5 cm garnet rimmed by symplectites of cordierite, orthopyroxene, opaque oxides, and sapphirine locally. Quartz is also present. It was collected near the town of Ambatomena, ~45 km north of Beraketa, within the Beraketa shear zone. This is the only rock from this study with xenotime.
03B1 is a biotite-plagioclase-K-feldspar-quartz gneiss collected 9 km west of Ihosy, where the Beraketa and Ranotsara shear zones converge. The matrix of the rock consists of xenoblastic quartz and K-feldspar with lesser amounts of biotite (hypidioblastic) and plagioclase (xenoblastic). White mica is present as a late alteration.
03F1 is from a pre-to syn-deformational intrusive rock of the Ambalavao suite within the northern Androyen domain. The matrix of the rock consists of xenoblastic quartz and Kfeldspar with lesser amounts of plagioclase (xenoblastic), biotite (hypidioblastic) and myrmekite. The quartz grains are entirely recrystallized to aggregates of 50 μm subgrains. White mica is present as a late alteration.
06A1 is a sillimanite-biotite-cordierite-quartz-feldspar gneiss from 25 km south of Ihosy, in the Anosyen domain. The matrix of the rock consists of xenoblastic cordierite, quartz, and Kfeldspar (perthite) with lesser amounts of plagioclase, sillimanite, biotite, and an opaque oxide. Cordierite (and less commonly biotite) contains oriented needles of sillimanite. In additions to inclusions in cordierite, sillimanite occurs as isolated, prismatic laths and aggregates of fibrolite. Biotite locally forms symplectites with quartz. A weak foliation is defined by sillimanite and biotite. Unoriented white mica is found within a strongly altered portion of the thin section and is interpreted to be retrograde.
06C1 is sillimanite-biotite-garnet-cordierite-quartz gneiss from 29 km north of Betroka in the Anosyen domain. The matrix of the rock consists of cordierite, quartz, and elongate garnet with lesser amounts of biotite and sillimanite. Sillimanite also occurs as inclusions in garnet. Cordierite mantles opaque oxides and garnet.
08A3 is a corundum-biotite-spinel-sillimanite-sapphirine-cordierite gneiss collected 19 km southwest of Betroka in the Anosyen domain. The matrix of the rock consists primarily of cordierite with lesser amounts of sapphirine, spinel, biotite, prismatic sillimanite, and corundum. Spinel always contains magnetite exsolution. Quartz is notably absent. Calcite and white mica occur as late alteration, commonly near corundum.
10B1 is a quartz-biotite-plagioclase-garnet-orthopyroxene gneiss from within the Beraketa Shear Zone, 11 km north of Beraketa. The matrix of the rock consists of hypidioblastic plagioclase, garnet, and orthopyroxene with lesser quartz and biotite (idio-to hypidioblastic). Rutile is abundant and commonly rimmed by ilmenite. Cordierite is found in patches with xenoblastic biotite and in orthopyroxene-cordierite symplectites around garnet.
11C1is a biotite-garnet-orthopyroxene-feldspar-quartz gneiss from 26 km east of Ambosary Sud in the southern Anosyen domain. This sample was collected from the same locality as MD46 (above) and is mineralogically similar, although it contains less orthopyroxene and garnet.
11E1 is a garnet-quartz-K-feldspar pegmatite dike from 1 km north of Isaka, in the southern Anosyen domain.
13D1 is a sillimanite-garnet-biotite-cordierite-quartz-feldspar gneiss from the southern Androyen domain, 28 km east of Bekitro. The matrix of the rock consists of xenoblastic garnet, cordierite, quartz, plagioclase, and K-feldspar (occasionally perthitic) with lesser amounts of biotite. Prismatic sillimanite and fibrolite are found as inclusions garnet, cordierite, and Kfeldspar as well as in the matrix. Garnet is notably non-equant and lobate. Opaque oxides, myrmekite, and biotite-quartz symplectites are also present. Garnet is locally replaced by cordierite.
14G1 is a garnet-quartz-feldspar gneiss from the western edge of the Ankafotra anorthosite in the Ampanihy shear zone. The matrix of the rock consists of garnet, quartz, plagioclase, and Kfeldspar (perthite) with trace amounts of sillimanite, biotite, and myrmekite. Table S3 . Mineral assemblages of the samples in this study. q = quartz; pl = plagioclase; kfs = K-feldspar/perthite; bt = biotite; g = garnet; crd = cordierite; sil = sillimanite; spr = sapphirine; crn = corundum; mu = white mica; cc = calcite; opq = ilmenite and/or magnetite; sp = aluminum spinel; rt = rutile; x = part of peak assemblage; (x) = retrograde or alteration phase. All samples contain monazite and zircon.
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